information through GPS and optical communication [4] . The industrial technology is expected to develop the products and services that can fulfill various demands for various people, but the methodology for providing the policy for realizing what function and which service has not been established.
Introduction
The research outcomes of science and technology are ultimately used by people in the form of products, systems, or services. Of course, there are R&Ds for some elements of a system as well as R&Ds for the materials used as parts, but eventually all of them will be used by people. Therefore, as synthesiology for utilizing the results of science and technology in society, it is necessary to have a research methodology to design the product or service that people perceive as being beneficial in their daily lives.
Ever since the Industrial Revolution, various industrial products entered the people's lives through mass production technology. However, as the living standards increased, people are no longer satisf ied with the cur rent mass produced products, and there are demands for products custom fit for the individual. It is the age of different strokes for different people. The traditional mass production is limited in responding to the people's diversified tastes, and the research is done for minimal manufacturing [1] and ondemand manufacturing technology [2] that can respond to low-volume high-mix production and built-to-order (BTO). In the service industry, it is recognized that a person may want something different according to the time and occasion, and the age of different strokes for a single person has arrived [3] . For example, in the information service, providing information that pleases the user at a certain moment is expected to be realized based on the location -Development of cognitive chrono-ethnography for synthesiological researchWhen technology development is conducted based only on a developer's idea, we face difficulties in realizing products and services that will be well accepted by people. This is because it is difficult for a developer to know precisely how various users think and feel while using products or receiving services under real life situations. In order to overcome these difficulties, we have developed cognitive chronoethnography (CCE) which is a new method to understand cognitive behavior under various situations. This method clarifies the cognitive behavior process by selecting "elite monitors" taking characteristics of target users into consideration, identifying "critical parameters" utilized in designing the products or services, recording the human behavior in real life situations under the control of the parameters, and retrospectively interviewing the participants. This method is applied in the early stages of synthesiological R&D processes oriented toward designing target products and services acceptable by people.
Why cognitive behavior in actual daily scenes?
In ergonomics, a discipline to realize the product and system compatible with humans, the f irst thing to do is to correctly understand the characteristics of human users. Therefore, the human characteristics are studied by using the knowledge and methodology of psychology, physiology, medicine, and engineering, such as mechanical and information engineering. These methods attempt to understand humans in the framework of natural sciences.
In the natural science approach, factors that are irrelevant to the essence of the phenomena under investigation are considered as disturbances, and it is very important to control such disturbances. If the researcher sets up a laboratory experiment that reconstructs the environment in which the product is used by appropriately controlling the disturbances, it is possible to create the product and environment that is compatible with the sensory function of, for example, elderly people [5] . This approach is effective in cases where the research subject is the interface between the person and the product or system, such as the design for display or shape of the product. However, there is a limit to studying the function and contents of the product, system, or service. That is because the user perceives the value by using the product or system or receiving the service in the context of daily life, and not in the laboratory Note 1) .
As a person lives in the daily life, the environment constantly changes and the individual recieves various stimuli and information. The brain and the body change to adapt to them, and behavior occurs. People interact continuously with the ever-changing environment, and the individual also changes continuously Note 2) . When we use some device in our daily life, we behave not only according to the device, but also according to the situation in which the device is placed. For example, when one is using a copy machine, one's behavior is affected by the way the paper is being discharged, the placement of the lid of the device, and the operations one had been doing, and not just according to what is displayed on the copy machine display. This is called the situated action [6] .
Therefore, unless the person is using the product or receiving the service in the actual situation, it is difficult to correctly know how the person uses the product or receives the service.
What is frequently done to obtain the evaluation of usage is to make a prototype, have some assumed user try out the product in a trade show or an exhibition, obtain the comments on it, and find points that must be improved [4][7] . However, against our intentions, it is difficult to reproduce the usage in actual daily life with this approach. Also, since the starting point is the realization of the requirement imagined by the developer side, the true requirement of the user may not be met even if improvements are made. The developer must start by understanding the user's situation of use and then make a product that is highly likely to satisfy the user. Most of the human behavior is carried out unconsciously, and a research method that allows analysis of how the person felt and how he/she made decisions done on-site is necessary, rather than a post-event method like a questionnaire survey.
In this paper, we explain the cognitive chrono-ethnography (CCE) that was developed to u nderstand hu mans by incorporating the chronological changes of the humans and environment based on the cognitive science method. The research scenario for this method is comprised of the following processes: first, the critical parameters that lead to the design of the product or service are reviewed to construct a hypothesis; the experiment is conducted in actual daily conditions that is controlled based on the critical parameters; then the adequacy of the hypothesis on the human behavior is verified from the analysis; and the function that should be realized in the product or service is proposed.
3 Development of the cognitive chronoethnography method
Retrospective interview
In the 1970s, the verbal protocol method was proposed for analyzing the cognitive process in the field of cognitive science [8] . This is a method where a person is asked to verbalize and express whatever comes to mind on site. As mentioned earlier, humans select their actions continuously based on the limited cues obtained in certain situations, even if the selection is not necessarily optimal for achieving the goal. However, when explaining one's actions to another after the event, one gives explanations as if there is total rationality in the series of actions that are remembered in fragments, to make one's actions meaningful. Therefore, the verbal expression of past events is considered to be unreliable. In the case of the verbal protocol method, the advantage is that the subject cannot reconstruct and offer rationalizing explanation since the verbalization is done in real time. This method is used often in the usability testing of information device, but the subject may be too focused on verbalizing whatever comes to mind at each action and this may interfere with the operation of the device. Although this may not be a problem when the device is operated in the laboratory, it is not readily applicable when studying the cognitive behavior in daily life.
In the case where the verbalization of the cognitive content cannot be done in real time, the only method is to look back afterwards, but this cannot be done by relying solely on the subject's memory. Therefore, we proposed a method of recording the video images of the environment in which the behavior took place and the behavior itself, and then have the subject report what triggered the action while viewing the video replay [9] . In the study of learning and memory in psychology, it is known that the memory of the event at the time (episode memory) can be recalled when the subject visits the place or sees the object that was there. This is called the context-dependent memory [10] . Showing the image from the subject's viewpoint that changes from moment to moment along with the behavior provides hints for recalling the environmental situation. It is considered useful for reporting the cognition and decision recalled by the subject in the situation.
In the case where the subject is asked to verbalize the cognitive process at the time as the past behavior is reexperienced through recorded images, the method can be considered as the retrospective verbal protocol method. On the other hand, in the case where the subject is asked to describe the cognition and decision processes of only the behavior that the experimenter wishes to focus upon, the method is an interview, and this is called the retrospective interview method. Since it is not necessary to verbalize all of the daily actions if the aim is for designing the product or service, a retrospective interview method will be used where the interviewer picks up the action that may be related to designing and asks question Note 3) .
Chrono-ethnography
Ethnography is the sociological methodology to understand the people's activities in society [11] . The word means a research method to describe (graph) the people (ethno) by entering the social group to observe the behavior of the constituents of society, conducting interviews to the people, and then describing the activities of the people in that society through language Note 4) . In the sense that the method involves recording and analysis of the people's activities by focusing on the cognitive behavior in real life situations, it can be said that the retrospective verbal protocol and retrospective interview methods are the combination of cognitive science and ethnographical methods Note 5) . While the original objective of ethnography is to understand the social activities as they are, the combined method that controls the experimental conditions as explained in the following chapter is effective for designing the product or service. This is because it is difficult to obtain findings that can be utilized for product or service design from the research that attempts to merely understand and recognize human beings.
Since whether the person perceives the product or service as pleasing depends on the chronological history such as what cognitive features the person has, what history, and under what circumstances this person grew up, we decided to treat the chronological history explicity. Therefore, since the emphasis will be on the person who changes over time and the detailed description of the cognitive process of the person placed under a situation, we call this method the cognitive chrono-ethnography (CCE) by adding chrono-(for time) and cognitive to ethnography.
Elite monitor and critical parameters
Through joint researches with companies that wanted to investigate the human cognitive behavior for constructing a product or service, we have developed the cognitive chrono-ethnography method, as we applied the retrospective interview method as a practical method using the recorded images of the behavior scenes using a small camera attached to the head. This was used for studying the daily scenes such as the behavior of elderly people in train stations or driving automobiles. While the details cannot be described fully due to the limitation of space of the paper, it was found that the behavioral characteristics for individuals could be clarified by selecting certain types of subjects based on preliminary hypothesis, and using them as the participants of the experiment. In the case of the behavior of elderly people in train stations, we set the hypothesis that there were differences in the cognitive functions of the elderly and these cause differences in the behavior. We hypothesized that there were people with impaired attentive functions, working memory functions, and planning functions. The hypothesis was investigated by creating an experimental procedure that may reveal these differences [12] . Starting with the hypothesis, the method for selecting a typical person based on the hypothesis is considered (in the above example, the AIST cognitive function test was developed), the actions of the different types of selected people are compared, and the difference in the behavioral characteristics of individuals is clarified to verify the hypothesis. The experimental participant with typical characteristics is called the elite monitor. By using the elite monitor, it is possible to obtain hints for the product or service design for a certain characteristic Note 6) . By integrating the abductive research method for hypothesizing the difference in characteristics and the retrospective interview method, we constructed the cognitive chrono-ethnography method that will provide useful findings for the product or service design.
While the ethnography research places importance on describing ever ything as they are, in the approach of synthesiological method for designing the product or service, it is important to seek the critical parameters that can be used for design. The critical parameters include, for example, the parameter to determine whether the experiment participant is a target user, or the timing of information presentation that gives the impression that the provided information is useful. Therefore, if the candidates for the critical parameters are found through preliminary observation study, the experiment using the actual scenes is conducted by controlling and recording the critical parameters. When the elite monitors with typical target user characteristics or the person with typical characteristics for the subjects under investigation (for example, skilled service provider) are selected and used as the experiment participant, it is possible to clarify the product or service that may please that person.
Research process
Through the research projects described above, the CCE research method was established. However, as a research method, it must be used widely rather than be used by only certain researchers. Therefore, research experiences were reviewed, and the whole process was clarified so it could be used as a universal research method. Since there were some parts where the optimal method was not taken when we reviewed individual research projects, the research process was established incorporating the revisions.
T he m a i n pro c e s s is show n a s fol lows. Befor e t he experimental investigation process, the hypothesis is for med by obser ving the relationship between people and an object (or among people) in the daily situation under investigation, and the elite monitor is selected by some appropriate method. The participants are asked to behave under control of the critical parameters in a daily situation, and the video image from the point of view of the participant is recorded along with other related events including the uncontrolled parameters. A retrospective interview is done for the recorded actions and the cognitive behavior process is described. After the investigation, the findings for the product or service design are extracted and the hypothesis is verified.
The details of the process are described in references [13] and [14] . The CCE can be organized into the following six steps to be followed by the researcher:
(1) The basic survey method such as ethnography and observation study is used to see the rough structure of the action selection process of a person in the situation under investigation. (2), and the adequacy of the hypothesis is discussed. (6) If the result is unsatisf ying, the investigation is repeated by reconsidering the method by returning to (2). If it produces satisfying results, the findings that may aid the product or service design are organized from the results.
This was the process of development of the cognitive chrono-ethnography research method and its concepts. We present specific examples in chapter 4.
Application of CCE

Providing of smart information in driving
To realize a car navigation that provides useful information to assist driving, we conducted a joint research with an automobile manufacturer using the CCE. While useful information can be defined as the information that pleases the driver, we started by investigating whether there is information that people actually find pleasing. People may think that a human passenger will be capable of providing pleasing information compared to a car navigation that is a machine, but that is not always true. Therefore, the creation of a passenger who can provide information that the driver finds pleasing was conducted as part of the research process.
Since the same information may or may not please the driver, the requirement was that the passenger knew the driver well. Therefore, it was not just a driver and a passenger, but the relationship between the driver and the passenger who could provide smart information was identified as the critical parameter to determine the elite monitor.
To obtain the passenger who knew the driver well, pairs such as married couples and friends who went driving together frequently were gathered through an Internet questionnaire. Among the 1,600 people gathered, 10 driver-passenger pairs were selected as elite monitors based on the questions on whether the partner was "officious", "attentive" ,"considerate", and others. Interviews were done to confirm both of them were considerate. The destination that one of the pair knew but the other didn't was selected, and the advice points for the route were described by the one who knew. The results were carefully examined, and four pairs who were expected to provide much thoughtful information were selected as the elite monitors of the experiment.
Even if the monitors were selected through this process, it was uncertain that the information that the person considered thoughtful was truly pleasing and useful for the driver, and it might be that the person simply believed so. To solve this problem, three experimental driving trips were conducted. In the first driving trip, the information was provided according to the information that the passenger thought would be thoughtful. After the drive, the pair was shown the video image of the conversation recorded along with the road scenes ( Fig. 1) , and the driver was asked to evaluate whether the provided information was thoughtful. Also, what points were useful and if not where lay the problem were extracted through the retrospective interview. The passenger learned what the driver considered useful, and the second driving trip was conducted. The same process was done after the second trip. The findings obtained from other pairs were shared to see the points that were perceived as being thoughtful, and the third driving trip was done. The driver and the passenger changed places and the same procedure was applied. They could learn what was the thoughtful information from both standpoints. By using the elite monitor who knew the route, knew each other well, and knew what information pleased the driver, we were able to clarify the information provision for somewhat ideal driving assistance [15] .
T he d ialog content s ext r acted i n t h is process were categorized into ones for road guidance such as need of right or left turns, safe and smooth driving, information about the facilities and sightseeing points to enjoy the area, and others. For each information provided, the content, the provision method of timing and ways of instruction, the situation of the road such as the width, and whether the driver's workload was high or not were described (Table 1) . These were the critical parameters since they influenced whether the provided information was perceived as thoughtful or not. Of the extracted information, the information that was perceived as thoughtful was categorized into those that corrected the driving action, those that assisted or enhanced the driving action, and others (Table 2 ). For example, the correction of driving action is information provided when the passenger thinks that a certain driving action is necessary for the driver in the current situation (for example, early lane change or something that will make driving easier later), but the driver may not take that action. If the information is provided at an appropriate timing such as after passing through the intersection and the traffic flow becomes smooth, it is perceived to be thoughtful advice. Through this study we were able to clarify the structure of the provision of thoughtful information.
Growth stage of a baseball fan
The method to study the thoughtful information provision in driving involves setting the scenario of taking a trip to an unknown destination and training (or nurturing) the elite monitor. This is called the scenario-oriented CCE. In contrast, the approach involving the observation of people in their daily situations without a scenario is called the non-scenario oriented CCE. As an example, we describe the application to the study of spectator behavior at a baseball game. In the service that provides sports entertainment, it is important first to get people to the ballpark or the soccer stadium, and the next issue is what kind of experience can be given there. People who come to watch sports include those who come to the stadium for the first time and those who attend frequently or the repeaters. Even a repeater had the first time when he/she attended the game. Before that, the person most likely watched sports on television, and turned into a repeated game goer through various information and experiences. The objective of the research was to clarify the structure of the shift or how a sports watcher turned into a repeater.
We investigated the critical parameters that determined how the repeater of baseball game watching enjoyed the baseball game. First was the objective and enjoyment of going to the stadium, second was the degree of information exchange about the baseball team with the surrounding people, third was the strong feeling of support as a team fan at the games, and fourth was the personality (behavioral characteristics) of the person. From this perspective, 30 elite monitor candidates were selected based on the response to the Internet questionnaire survey of about 1,000 members of the baseball team fan club. Five males and five females were selected from the three enjoyment types including "sports watching is my personal enjoyment", "it is enjoyment for the entire family", and "it is enjoyable but I don't really want to become a hardcore fan". These three types were found from the cluster analysis of the questionnaire survey. Each group contained differing critical parameters. Group interview was held with 30 people, and they were mapped on the twodimensional graph composed of the axis for how they enjoy the game (from people who enjoy the game itself to those who enjoy cheering for the team) and the axis of fan maturity (from hardcore who goes to fan service events as well as the games, to those who love baseball but have no time to watch the games). Then, nine people were selected as elite monitors, making sure there were no biases. The elite monitors were asked to watch the games at the stadium, and the behavior of the monitors, the progress of the game, and the atmosphere of the spectators' stands were recorded on the video. Heart rate of the monitor was also recorded as the physiological measure to see the state of physical excitement during the game. Retrospective interview was done, and the feelings they had during the games were extracted as the monitor watched the video (Fig. 2) . Also, other sports watching behavior the elite monitors engaged in the past were surveyed through the interview.
From this survey, the stages of the fan were categorized into the following three: pre-fan who "knows/doesn't k now ba seball but is not i nterested i n professional baseball games", fan who "has become fond of the team and goes to watch the game at the stadium", and the repeater who "goes to the games enthusiastically, has his/her own watching style, and consciously makes time to go to the games" (Fig. 3) . The motives that were given for shifting from pre-fan to fan included the introduction of a star player, the expectation for league victory, and the amazement at the cheering fans at the game that one happened to attend. The motives for shifting from fan to repeater were the sense of unity with the other spectators at the stadium that does not get communicated through TV, the accumulation of detailed knowledge about the players, and the aquisition of companions such as family or friends with whom one can watch the games together. There were several paths for the shifts, and there were cases whereby "the person who did not know anything Fig. 2 Interview to baseball fans after game watching at the stadium about baseball" became a fan because he/she was amazed by the excitement at the stadium, voluntarily participated in cheering, and became adherent to the total experience of ch e e r i n g a n d t h e g a m e. A n ot h e r c a s e w a s t h a t "the person who knew baseball and was interested in professional baseball" became emotionally involved in the players and the team through the real game, and became a person who enjoyed the game, or enjoyed both the game and cheering (Fig. 4) . By using the CCE, we were able to clarify the structure of fan growth, or how a person who was not really interested in baseball became a repeater and how they enjoyed the game.
Application to product or service design
After obtaining the clues for identifying the function and service that the target user wants by the CCE method, we move into the R&D process for concretizing the product or service. For example, if we know that well-timed, useful information from a considerate passenger is given when and about what, we can set the development goal of providing such information from the car navigation system. Since good timing by which the information is provided is the critical parameter of whether the person perceives the information as being thoughtful, the technological issue will be whether the system can determine the timing. Therefore, we conducted an experiment where the content and the timing decision for providing the information were defined as clearly written rules, and the information provision was done according to the rule. Although the information provision is done by a human operator, rather than changing the information provision flexibly, a manual is followed to simulate the information provision by a system using this rule. Moreover, to investigate whether it is possible to determine the timing according to the traffic condition and the driver condition without the passenger, we investigate whether an information provider (an operator) on a separate vehicle can provide the information at appropriate timing based on the image and sound information from the cameras in the subject vehicle via radio communication. This research is still in progress, but by providing the information via radio communication from a separate vehicle, the cues for timing decision is becoming clear, and the system may be able to determine the timing using sensors [16] . In case of information provision by a device, the function of the product will become clear through these research processes, and the function to be realized will become concretized.
In the case of service, if, for example, the motive for a baseball fan to rise from an "occasional game watcher" to a "repeater" becomes clear, the baseball team owners can plan the actions to be taken. They can determine how they can reach out to the target subjects, how they can provide the motives, and how to set the incentives. Of course, several, and not just one plan, can be considered. W hether they are products or ser vice, the desig n is constructed based on the findings obtained by the CCE method, and the specific requirements of the plan and the prototypes with functions to be realized are created. The ways to realize them are reviewed, and realistic specifications are created, considering the current technology level and the service provision environment. In some cases, the decision may be that the product cannot be realized with the current technology level, and the plan must be terminated. The prototype is built based on the specification, the trials are done using the expected target user under the target situation, and the evaluation is obtained. In case of a product, since development cost and time are needed, it is necessary to conduct the experimental evaluations at various stages of the development process to make sure the project does not wander in the wrong direction. However, in case of service, the service can be implemented more easily compared to products, and the new service can be incorporated into the actual service provision process. The survey is done by executing the service, seeing that the service expected by the service designer is provided to the target user, observing whether the service is effective, and improving the plan by understanding where the problem lies if the service does not seem effective. By turning this cycle of the hypothesis testing, the service provided is made compatible with the user [17] .
Discussion
From the analysis of the Synthesiology papers, Kobayashi et al. indicate that the way of synthesis when realizing the product to be used in society by integrating the elemental technologies differs according to the technological field [18] .
For example, in the research fields that handle the materials themselves such as nanotechnology, and device technology, the researcher can utilize the knowledge of natural sciences, clarify the elemental technologies and the factors that affect the subjects, and select what must be done for synthesis. On the other hand, in the research fields that handle daily living and in some life sciences, the researcher may take the spiral approach where the product or service is introduced to society and advances are made as evaluations are obtained, because not only are there multiple factors, but also because there are many unknown factors. However, unless the product or service that is being introduced initially has high prospect for acceptance in society, it will not diffuse in society even in the spiral approach. To prevent such failure, it is necessary to have a method that allows the factors and elemental technologies for the acceptance of the product or service to be clarified as much as possible and to be examined beforehand. The CCE method extracts and structurizes the variables for the target user in the actual usage situations, and aims to take a similar approach as the synthetic research in the field of material science, in the sense that the factors that affect the cognitive behavior under investigation are clarified and what must be selected for synthesis is determined.
Although it is similar to the research approach for materials, it does not have the same level of preciseness of natural science. Although hypothetical field experiments are done for the selection of the elite monitor and the critical parameter, it is difficult to show the validity of the hypothesis through statistical testing of the results. In CCE, there are only a few participants of the experiment as elite monitors. There may be only a few chances once or twice a day to make a certain situation constant when conducting the field experiment. For example, if the research involves railway use, the time zone when the experiment can be conducted is limited if the researcher wishes to avoid the effect of crowding. Also, there is no exactly-the-same action taken in the actual daily scene, and the analysis may remain qualitative. For example, if the majority of a certain category of experimental participants takes the same behavior and the behavior is not seen in other categories, it can be concluded that the categorization hypothesis was not wrong. Therefore, it is not hypothesis testing in the natural scientific sense. The natural scientific hypothesis testing may be possible if the scale of experiment is expanded, but considering that the same situation is not repeated in actual daily situations, the testing by reproducibility would be essentially impossible. The everyday situation in which we use the product or service changes continuously and we are never subject to the same situation. Therefore, we must be aware that there is a limit on depending on the natural scientific methodology. However, if we abandon the natural scientific research approach for understanding the factors that affect the phenomenon, we cannot reduce the gap to obtain acceptance of the product or service in society.
In the sense that research subjects are daily situations, the CCE is similar to the sociological method. Ethnography as a sociological method aims to understand society, or to seek the behavioral principles common to human groups or society by describing the behavior of humans in society just as they are [11] Note 7) . In contrast, the CCE clarifies the differences in individual characteristics and adds experimental control such as setting the situation. This is a synthetic research approach for the purpose of constructing the product or service, and the insight for designing the product or service can be obtained by introducing the elite monitor and the critical parameter. If the product or service is constructed based on the findings of CCE, and the product or service becomes more acceptable to the user by turning the cycle of evaluation, then the validity of the findings obtained can be investigated, and the product or service acceptable to society can be realized.
It is not easy to realize a good product or service by thinking inside the developer's mind only. By using CCE, the product or service can be designed effectively. In the evaluation for the usage, the cycle of improvement and optimization can work efficiently by clarifying the viewpoints of function of the product or service.
References
Note 7) Among the ethnographic research methods in sociology, the action research method aims to find the problem in society or organization and to seek the solution to that problem.
Notes
Note 1) Experimental psychology to investigate the human sensory functions by controlling the stimuli in a laboratory setting was started by Wilhelm Wundt of the Universität Leipzig in 1879. However, Wundt indicated the necessity of psychology in the actual evironment, since it was impossible to discern the higher-level cognitive functions such as thought and problem solving by laboratory research.
Note 2) MHP/RT is the computational model for the action selection process taking in consideration this brain mechanism. It provides the logical framework of the CCE method, but the explanation was omitted here due to space limitation [13] .
Note 3)
The retrospective interview is conducted to have the subject report the contents of memory that was activated during the action selection. The memory that was activated during the action selection is encoded and stored in conjunction to the situation or the context. It is known that the reproducibility is good if the context when the memory is recalled is similar to the context when it is memorized (context dependency of memory). It is also known that the subject's report is affected by the way the interviewer asks the questions. There is a phenomenon called the "post-event information effect" in which the subject tends to report the information given after the event or the mixture of the original and post-event information if the subject is given information related to the event after he/she experiences the event. The action selection of the subject is done under bounded rationality (where the decision is based on limited views and limited cues, rather than making a rational decision that directs the goal and the totality of the situation) that is a human characteristic of decision-making. The retrospective interview, which is an important process of CCE, is designed to extract the cognitive behavior process according to bounded rationality, without the influence of post-event effect.
Note 4)
The efficacy of the sociological method as a method of technology transfer, whereby the problem is solved by entering the organization under investigation is addressed by Kinoshita et al. [19] Note 5) An example of the famous ethnographical research in the field of cognitive science is the study of cognitive process of the crew in a cockpit of an aircraft, conducted by E. Hutchins et al. Here, the researchers entered the cockpit to observe the behavior of the crew and then conducted interviews.
Note 6)
The person who is expected to use a certain product is called the target user. The persona method is widely used for product development assessing highly individualistic target users. However, this method is used to clarify the target user in the development process, and the evaluation for how the expected user actually uses the product or service remains within the realm of the developer's imagination.
Before launching a product or service to society, a rationale will be needed for determining whether to give the go-ahead to the design of the product or service based on the findings of the CCE. Our current thinking is that the convincibility of the results obtained and the adequacy of the process are to be evaluated. The adequacy of the process is, for example, whether the procedure can extract the characteristics of target users of the product or service that one wishes to realize. However, we do not think that we will automatically reach the correct results as long as the process is carried out properly. Some sort of evaluation of the process or results is necessary. This evaluation may be difficult unless it is done by a person who has thorough understanding of the product or service under investigation, and it may be something like a peer review. In this type of research, I think it is important to do joint research with the people who have thorough understanding of the product or service, namely the people of the company that are providing the product or service and those who are capable of making evaluation.
Reference to other Synthesiology papers
Comment (Akira Ono)
In this paper, the discussion is developed by citing the papers published in Synthesiology. The reviewer thinks that the synthesiology researches should be mutually contributing even though the contents are diverse. Please express, from the standpoint of the author who cited the references, how these affected this research.
Answer (Motoyuki Akamatsu)
The research described in this paper was started over 10 years ago, and I was aware that we were engaging in Type 2 Basic Research from the beginning. However, this research is an analytic research in the sense that it attempts to clarify the human behavioral characteristics, and I wasn't quite sure what points ought to be emphasized as a Synthesiology paper that focuses on synthetic research in which the elemental technologies are integrated and synthesized to realize some object to be used in society. I found a way during the workshop that I cited as reference [18] where I discussed the different approaches to synthesiology in different fields. I sought the characteristics of the different approaches by breaking them down into categories: the researches governed by principles of the nat ure as exemplif ied by physics; the engineer ing researches that assemble the elemental technologies; and the researches that involve people using the results in the form of products. I was able to see the similarities between our research and the material research approach where one understands what can be realized by pursuing the properties of materials. If the human cognitive behavior can be clarified through analysis, we can understand what kind of product or service can be realized. I think there is a common ground that knowing well will guide toward realizing a product. Our research is to have people use the product, but even in the same human technologies, we can now compare the engineering research that f irst focuses on manufact uring the product and the research that first focuses on understanding human behavior, like the ones we are doing. That allowed us to write a Synthesiology paper.
T h e o r e t i c a l b a c kg r o u n d o f c o g n i t i ve c h r o n oethnography method
Comment (Masaaki Mochimaru)
The characteristic of the CCE that is the core technology in this paper is organized well in relation to the other previous methods. Reading the cited references, I can understand the theoretical background that the CCE was created based on cognitive science. In this paper, I think you should briefly explain the theoretical background so the readers can understand just by reading this paper.
Answer (Motoyuki Akamatsu)
The background of developing the CCE was because of our awareness of the need to understand the action selection process af ter an event, using limited cues u nder cer tain situations. We tried to solve this problem by reproducing the condition when the action selection was done, and then by expressing the cognitive process using the working memory at that moment, to prevent describing the action as being selected based on total rationality, even though it was actually action selected from limited cues. The conventional method in coginitive science for not falling into explanation by total rationality is the verbal protocol method. Since retrospective interview and CCE are essentially based on that method, I added some description in the beginning of subchapter 3.1. For the researchers interested in the theoretical background, I added Note 4).
Initial hypothesis
Question1 (Masaaki Mochimaru)
For the behavior obser vation, some deg ree of i nitial hypothesis (identifying the critical parameter and the selection of elite monitor by survey and observation) is needed, and the results obtained are applicable only in the set context and place based on the initial hypothesis. In that sense, isn't the framework of "findings that may be found" by the CCE is already determined at the point the initial hypothesis is set? Do you have the process of constructing the initial hypothesis properly as much as possible?
Answer1 (Motoyuki Akamatsu)
As you indicated, the identification of the critical parameter and the selection of elite monitor are very important, and they will determine the framework of the conclusion obtained. However, the CCE is not a method for hypothesis testing research whose objective is to verify the initial hypothesis. That is because the hypothesis is tested to determine the framework of the product and service (car navigation or sports game attendance) such as the critical parameter and elite monitor, and it does not directly determine the framework of the contents or functions provided by the product or service. The process of CCE is designed to readily obtain the insights for designing the product or service, and by setting the initial hypothesis, I think it avoids doing research without a hypothesis and missing out the useful conclusion.
At any rate, although the initial hypothesis is extremely important, our thinking at this point is that when one constructs the initial hy pothesis, one must look at the objective by eliminating any assumptions as much as possible while utilizing the researcher's perspicuity as much as possible. Speaking from our experiences, to construct a hypothesis by eliminating assumptions, it is important to have plentiful knowledge of the target characteristics as well as deep understanding of the property of the product or service that one expects to create. These are completely the same as the initial insight when the researcher takes on the studies in various scientific disciplines, and the depth of the initial insight will affect the quality of the research results.
Question2 (Masaaki Mochimaru)
The expression in your answer, "The process of CCE is designed to readily obtain the insights for designing the product or service, and by setting the initial hypothesis, I think it avoids doing research without a hypothesis and missing out the useful conclusion" is the essence of this paper, and I understand that the way to conduct the research is "one must look at the objective by eliminating any assumptions as much as possible while utilizing the researcher's perspicuity as much as possible". However, isn't the "way of doing the research" using the CCE by building the initial hypothesis, hypothesis testing research? Although verification is difficult, for example, if the framework of the product and service are synthesized appropriately, the product or service unseen before is accepted by society or users, and this leads to the change in society, wouldn't this fact be verification that the construction of the framework according to the initial hypothesis and the CCE process was appropriate?
Answer2 (Motoyuki Akamatsu)
I said this was not a hypothesis testing research because the research scenario followed is to conduct the research to the stage of designing the function of the product or service based on the hypothesis (or to determine that it cannot be realized with the current technology), as long as the hypothesis is not wrong without carrying out the strict "verification". Of course, the hypothesis will be proven correct if the functions of the product and service are compatible with the user and as a result, it is accepted by the user or society. However, I would like to state that the objective of the research scenario in the paper is to synthesize (it is "synthesiology") and is not to recognize by hypothesis testing (it is not "epistemology").
In a specif ic example, in the research of the behavior of the elderly people in train stations, the hypothesis was "there are several different types of impairment of cognitive function in the elderly, and they are impairments of attention or executive functions". When the CCE experiment was planned and conducted based on this hypothesis, it was found that the behaviors in the train station were different according to the types of cognitive function impairment. It can be said that the different types of functional impairment existed, but the objective of the research was not to test the hypothesis that "there are different types of functional impairments", but to propose ways to provide assistance according to functional impairment. (This does not mean that positive proposals could be made. For the group with attention function impairment, the subject could not pay attention no matter how many signs were placed in the station, and it was found that signs were not good ways of assistance.) The research scenario may include the hypothesis testing process, although it is not the objective of the research.
Inter vention during behavioral obser vation and experimental setting
Question (Masaaki Mochimaru)
I thin k some kind of inter vention may be involved in behavioral observation. Unless the intervention is in line with the product or service that will be created, it will not lead to good synthesis even with deep understanding of the behavioral observation with intervention. For example, in the case of service that displays heavily processed, real-time information or service that returns some information by integrating remote information, IT must be used for the intervention, and I think the performance of the experimental IT itself will affect the behavior observation. How should such cases be considered?
Answer (Motoyuki Akamatsu)
One approach is to create the experiment setting with technological limitations such as remote information as the given condition. For example, if there is a delay in communication, the experiment can be conducted by simulating the delay, if one wants to understand what kind of information provision is pleasing under this condition. How such technological limitation is set as the given condition will differ, for example, depending on whether the researcher wants to use the device or the system as is but wants to improve the contents, or whether he/she can change the performance of the entire device or the system.
In the CCE as a method of synthesiology, I think it is important to set the limiting condition for intervention according to the str ucture of the product and service to be realized. However, I think we can obtain an innovative product or service that never existed before, if we select the critical parameter for the CCE under no limitations or assumptions as much as possible, rather than setting the structure of the product or service at an early stage and setting them as given.
Quantitative data for product design
Comment (Masaaki Mochimaru)
I think the typical procedure to create a product is to convert the qualitative hypothesis or model obtained by CCE into some sort of quantitative data, and utilizing them in the design of the product or service. Do you have thoughts on how to convert the qualitative model into quantitative data or design?
Answer (Motoyuki Akamatsu)
The quantitative data needed for product design can be determined by conventional human factor experiments at the stage when the provided contents are determined to some extent by CCE. I think the CCE method will function effectively to discern the preliminary stage for determining the quantitative specification of the product or the requirements of the product and the system.
